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(54) A gas detector and its adjusting method 




(57) A metal oxide semiconductor gas sensor S is 




connected to a ladder resistance R : and the output volt- 


rig. I 


age is subjected to logarithmic transformation at plural 




points on a waveform of temperature change by 


■1 A VHB 



LnR = 2-4VR1/Vc + LnR1 



(1) 



where R indicating the resistance of the metal oxide 
semiconductor V R1 the output voltage to the ladder 
resistance. Vc the detecting voltage, R1 the resistance 
of the ladder resistance, and Ln natural logarithm, re- 
spectively. Standard signals comprising logarithms of 
resistance values of the metal oxide semiconductor in 
plural concentrations and at plural points on the wave- 
form are stored in the EEPROM : and these standard sig- 
nals and logarithms obtained are compared with each 
other to detect the gas. 




CM 
< 
CM 



O) 
O 

Q. 

LU 



Printed by Jouve, 75001 3 A=ilS (FR) 



BNSDOCID: <EP 0901012A2 I > 



1 

Description 

[0001] The present invention relates to detection of a 
gas with a metal oxide semiconductor gas sensor and 
in particular it relates to a technology of detecting a gas 
by subjecting a gas sensor to temperature change. 
[0002] An Sn0 2 type CO sensor TGS203 (TGS203 is 
a trade name of Figaro Engineering Inc.) is a metal oxide 
semiconductor gas sensor that uses temperature 
change. This gas sensor operates in cycles and every 
cycle has a period of 1 50 seconds. The first 60 seconds 
of the cycle are allotted to a higher temperature period, 
and the subsequent 90 seconds to a lower temperature 
period. The final temperature of the higher temperature 
period is 300°C, and the final temperature of the lower 
temperature period is 80°C. The concentration of CO is 
detected from the resistance of the metal oxide semi- 
conductor at the end of the lower temperature period. 
The resistance of the sensor is substantially in inverse 
proportion to the CO concentration. The ratio ol hydro- 
gen sensitivity to CO sensitivity of the sensor is 1 : 10: 
for example, hydrogen concentration cf 1000 ppm is 
equivalent to CO concentration of 100 ppm. The initial 
distribution of the resistance is from 1 to 10k Ll in CO 
100 ppm. 

[0003] The present inventor worked to improve the 
overall accuracy of a CO detector using TGS203 and to 
improve the detection accuracy twice or over by using 
the same sensor. A problem that the present inventor 
worked on was the drift of the sensor characteristics. 
The resistance of TGS203 doubles at the largest in 
about two months after the start of its service. After that, 
the resistance decreases to about one half of the initial 
value at the lowest in several years. As the resistance 
value of TGS203 is substantially in inverse proportion 
to the CO concentration, this drift means that the detect- 
ed value of CO concentration fluctuates within a range 
of from twice to one half of the actual value. The present 
inventor worked to reduce the detection error to about 
± 20 % of the true value. 

[0004] As will be described later the present inventor 
found that to correct for the drift, it was effective to cor- 
rect a signal of the lower temperature range with a signal 
at the initial period of the higher temperature range. The 
present inventor also found that concentration depend- 
ence of the resistance of TGS203 had variance and that 
to eliminate errors due to this variance it was necessary 
to store standard signals relative to plural concentra- 
tions. 

[0005] Hence the gas detector is required to store 
standard signals of plural points for plural concentra- 
tions. This requirement is not compatible with the spec- 
ification of the conventional CO detector that uses a var- 
iable resistor as the load resistance and stores a stand- 
ard signal as a value of the variable resistor. 
[0006] Now, the relevant prior art will be described. It 
has been proposed by Yoshikawa, et al to change the 
temperature of a gas sensor regard the behavior of its 
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resistance as a temperature waveform and give the 
waveform Fourier transform to detect a gas (Analytical 
Chemistry Vol 63, No. 13, 2067-2072, 1996). It is well 
known that EEPROM is used as a non-volatile memory 

s in a gas detector. Moreover, it has been disclosed by 
Okino that when a load resistance is connected to a met- 
al oxide semiconductor gas sensor in series, the output 
voltage to the load resistance has a linear relationship 
with the logarithm of the resistance of the metal oxide 

io semiconductor gas sensor (Japanese Patent 
2578,624). Okino proposes to keep the ratio of the load 
resistance to the resistance of the metal oxide semicon- 
ductor within an appropriate range by switching the val- 
ue of the load resistance. Many research works have 

is been reported relative to combination of a signal of a 
higher temperature range of a gas sensor with that of a 
lower temperature range thereof (for example, U.S. pat- 
ent 4896143 and U.S. patent 4399684). 
[0007] One object of the present invention is to pro- 

20 vide a gas detector using temperature change of a gas 
sensor with a configuration and an adjusting method 
that are suited to enhancing the overall accuracy of the 
gas detector. 

[0008] According to a first aspect of the present inven- 
ts tion, a metal oxide semiconductor gas sensor, whose 
resistance is changed by gas, is subjected to a temper- 
ature change, and signals of plural points of a temper- 
ature waveform are used to detect a gas such as CO, 
ethanol and ammonia. A temperature waveform is the 
30 waveform of the sensor signal corresponding to one cy- 
cle of the temperature change. In this specification, plu- 
ral points mean plural points of which times that are 
measured from the start of the temperature change dif- 
fer from each other. The kind of the gas sensor is not 
35 limited to the Sn0 2 type. The ln 2 0 3 type, W0 2 type, etc. 
may be used. The target of detection is not limited to 
CO. Targets include various gases such as ammonia, 
ethanol and formaldehyde. The temperature change is 
effected by changing the electric power applied to the 
io heaters of the gas sensor. The pattern of this electric 
power is called the heater waveform. Various heater 
waveforms such as square, sine, lamp waveforms can 
be used. 

[0009] In a first aspect of the present invention, the 
45 gas detector is provided with 

1 ) a non-volatile memory that stores a standard sig- 
nal that is substantially linear to logarithms of resist- 
ance values of a metal oxide semiconductor in com- 

so bination with plural points on a temperature wave- 
form, 

2) a ladder resistance that is connected as a load 
resistance of a gas sensor; the ratio of its resistance 
to the resistance of the metal oxide semiconductor 

55 is arranged to be within a specified range at plural 

points, 

3) a power source for applying a detecting voltage 
to a series-connected piece of the ladder resistance 
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and the metal oxide semiconductor, 

4) a sampling means for sampling measurement 
data, that is linear to the logarithm of the resistance 
value of the metal oxide semiconductor, from the 
output, that is linear to the output voltage to the lad- 
der resistance, at each of the plural points, and 

5) a gas detecting means that compares the com- 
binations of measurement data at plural points with 
the standard signal to detect a gas. 

The combinations of signals at plural points include lin- 
ear combinations of signals at plural points. For exam- 
ple, plural points are indicated by i = 1-n . Signals that 
are linear to logarithms of resistance values at the re- 
spective points are indicated by S 1 ~Sn, and coefficients 
are indicated by a1 -an . Then the linear combination is 
given by I ai • Si. It is desirable that standard signals 
are stored for each of plural gas concentrations. 
[0010] The non-volatile memory may be an EEP- 
ROM, a RAM that is built in or attached to a microcom- 
puter and is connected to a back-up battery. The expres- 
sion linear to" indicates such a relationship between a 
signal A and a signal B that they can be mutually ex- 
pressed by a linear function. For example, the sensor 
resistance (the resistance of the metal oxide semicon- 
ductor) and its logarithm are not linear to each other, but 
the logarithm of the sensor resistance and the output 
voltage to the ladder resistance are linear to each other 
in a narrow range. As will be described later the greater 
part of the data processing is expressed by differences 
between standard signals and measurement data. Ad- 
dition of constants to measurement data or standard sig- 
nals has no effects. What is needed is not determining 
a logarithm of a resistance but determining a quantity 
that is linear to the logarithm of the resistance. As for 
the output of the series-connected piece, for example, 
the output voltage at the junction between the ladder re- 
sistance and the metal oxide semiconductor is used. 
The output, however is not limited to it. The above-men- 
tioned output voltage may be divided or amplified for use 
as the output. 

[0011] Preferably, the logarithm of the resistance of 
the metal oxide semiconductor and the output voltage 
to the ladder resistance are linear to each other within 
a range that the ratio of resistances of the semiconduc- 
tor and the ladder is from 1/2 to 2. Within this range, 
transformation of the resistance to a logarithm is done 
by equation (1). 



LnR = 2-4VR1/Vc + LnR1 



(1) 



es the number of resistors required for the ladder resist- 
ance, when the transformation range is to be extended, 
for example, in terms of R/R1, to a range of from 4 to 
1/4, nonlinear transformation by equations (2) and (3) 
s can be made. 



LnR = 2x + 2/3xx v + LnR1 (2) 
x=1-2VR1/Vc (3) 



where R indicates the resistance of the metal oxide sem- 
iconductor V R1 the output voltage to the ladder resist- 
ance, Vc the detecting voltage, R1 the resistance of the 
ladder resistance, and Ln natural logarithm, respective- 
ly- 

[0012] As the transformation by equation (1 ) increas- 
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[0013] As will be described later as the temperature 
changes, the resistance of the metal oxide semiconduc- 
tor changes, and to succeed in logarithmic transforma- 
tion, the ratio of the resistance of the ladder resistance 
to the resistance of the metal oxide semiconductor 
needs to be maintained within a proper range. To this 
end, for example, as the gas concentration does not 
fluctuate in a single thermal cycle under normal condi- 
tions, the resistance values of the metal oxide semicon- 
ductor at the respective time points of the preceding 
thermal cycle may be used to set the resistance value 
of the ladder resistance in the subsequent cycle. How- 
ever if this technique is used, the gas concentration can 
not be changed quickly in adjusting or testing the gas 
detector. Hence, preferably, for at least one point of the 
plural points, the resistance value of the ladder resist- 
ance is switched according to the output that is linear to 
the output voltage to the ladder resistance at the pre- 
ceding point thereof. The qualification for "at least one 
point" is given because, for example, when signals of 
two points are used, if the difference in time between 
the two points is slight, the resistance value at the sub- 
sequent point can be predicted from the resistance val- 
ue at the preceding point. This technique, however sets 
limits to the control of the ladder resistance. Hence, 
more preferably, the resistance value of the ladder re- 
sistance is switched for each of the plural points accord- 
ing to the output at the preceding time point thereof. 
[0014] As for the non-volatile memory, an EEPROM 
that requires no back-up battery is desirable. The EEP- 
ROM, however, has a limited reliability in the number of 
access times. RAMs for gas detecting means have limits 
in capacity in many cases. If the detection range is about 
ten times as large as the minimum in gas concentration, 
to suppress the effects of variance of gas concentration 
dependency, standard signals in, for example, three 
concentrations are preferable, and the EEPROM is 
made to store these signals. Usually, the volatile mem- 
ory such as RAM is made to store standard signals of 
two lower concentrations, out of the standard signals 
stored in the EEPROM. If the gas concentration ex- 
ceeds these two concentrations, the standard signals of 
a higher concentration will be read out from the EEP- 
ROM and written into the volatile memory, and if the gas 
concentration drops, the standard signals of the two low- 
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er concentrations will be stored in the volatile memory. 
With this arrangement, the number ot times of access 
to the EEPROM can be reduced to prevent troubles. 
[0015] According to a second aspect of the present 
invention 

1 ) a non-volatile memory that stores a standard sig- 
nal that consists of Fourier transformation compo- 
nents of logarithms of resistance values of a metal 
oxide semiconductor in plural gas concentrations, 

2) a ladder resistance that is connected as a load 
resistance of a gas sensor: the ratio of its resistance 
to the resistance of the metal oxide semiconductor 
is arranged to be within a specified range, and pref- 
erably, within a specified range usually, 

3) a power source for applying a detecting voltage 
to a series-connected piece of said ladder resist- 
ance and said metal oxide semiconductor 

4) a sampling means for transforming the output 
that is linear to the output voltage to the ladder re- 
sistance and ; at multiple points on the waveform, 
sampling measurement data, that is linear to the 
logarithm of the resistance value of the metal oxide 
semiconductor, and 

5) a gas detecting means that gives Fourier trans- 
formation to said multiple pieces of measurement 
data and compares them with the standard signal 
to detect a gas are provided. For better quantifica- 
tion of gas concentrations, preferably standard sig- 
nals at plural gas concentrations are stored and 
composed. 

[0016] The Fourier transformation signals indicate 
characteristics of the temperature waveform of the gas 
sensor, and directly processing the logarithm of the sen- 
sor resistance is practically identical to processing the 
logarithm of the sensor resistance after Fourier trans- 
formation. Hence the description concerning directly 
processing the logarithm of the sensor resistance in this 
specification also applies to the case of using Fourier 
transformation. 

[001 7] According to a third aspect, the present inven- 
tion provides an adjusting method of an apparatus for 
changing the temperature of a metal oxide semiconduc- 
tor gas sensor, of which resistance is changed by a gas, 
and detecting the gas, 

characterized in that 

a: there is provided a non-volatile memory that 
stores a standard signal that is substantially linear 
to logarithms of resistance values of the metal oxide 
semiconductor at a combination of plural points on 
the waveforms of the resistance values of the gas 
sensor being subjected to a temperature change, 
and 

b: the gas sensor is exposed to a gas of a specified 
concentration and subjected to the temperature 
change, signals linear to the logarithms of the re- 



6 

sistance values of the metal oxide semiconductor 
are obtained at plural points to generate said stand- 
ard signals, and they are stored in said non-volatile 
memory as the standard signal. 

s 

[001 8] Preferably, the step b is repeated for plural gas 
concentrations. 

[0019] To improve the overall accuracy of a gas de- 
tector, it is necessary to use a standard signal at plural 
10 points. Hence the signal is stored in a non-volatile mem- 
ory. As will be indicated in a preferred embodiment, log- 
arithms of resistance values of the metal oxide semicon- 
ductor rather than the resistance values thereof are eas- 
ier to handle as the standard signal. In other words, if 
is resistance values of the metal oxide semiconductor are 
directly used, calculations for compensation through 
combination of signals will become more complex, and 
a small-sized microcomputer will not be able to process 
them. Hence, in the present invention, signals linear to 
20 logarithms of the resistance values of the sensor rather 
than the resistance values of the sensor are used. 
[0020] As the temperature changes, the sensor resist- 
ance will change significantly It is necessary to trans- 
form a wide range of resistance values into logarithms 
25 with ease. As the transformation range of the sensor re- 
sistance is wide, a ladder resistance is used to maintain 
the ratio of the resistance thereof to the resistance of 
the metal oxide semiconductor within a specified range 
at required points. Here the required points are, for ex- 
oo ample, points on the temperature waveforms used for 
the standard signal. Now, when the resistance of the lad- 
der resistance and the resistance of the metal oxide 
semiconductor are within specified ranges, the output 
voltage to the ladder resistance or a signal linear to that 
35 is in a linear relationship with the logarithm of the sensor 
resistance. Hence if the ladder resistance is connected 
to the metal oxide semiconductor the value of the load 
resistance is kept in a specified range, and the output 
voltage to the load resistance or the like is used, a meas- 
40 urement data, that is linear to the logarithm of the sensor 
resistance within a range that can be processed by a 
small-sized microcomputer, can be obtained. When 
measurement data is obtained in the above-mentioned 
manner, it is compared with the standard signals to de- 
45 tect the gas. 

[0021] The logarithm of the sensor resistance is ex- 
panded in series with the output voltage to the load re- 
sistance, and terms of up to the first degree are consid- 
ered. Then equation (1) is obtained 

50 

LnR = 2-4 VFM/Vc + LnFM (1) 

As is clear from this, the logarithm of the sensor resist- 
55 ance is linear to the output voltage VR1 , and the loga- 
rithm of the sensor resistance can be obtained within 
the range of linear transformation. 
[0022] The range of transformation is narrow for the 
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logarithmic transformation by equation (1), and the 
range of the ratio of the sensor resistance R to the re- 
sistance of the load resistance R1 is limited to from 
about 2 to 1/2. Within this range, the transformation error 
is ± 2 % or under. To widen the range of transformation, s 
the logarithm of the sensor resistance is expanded into 
series up to the third degree, and the logarithmic trans- 
formation by equations (2), (3) is made. With this, when 
the value of R/R1 is from 4 to 1/4, the transformation 
error is 4 % or under. 10 
[0023] To obtain the logarithm of the sensor resist- 
ance, it is necessary to keep the resistance of the ladder 
resistance properly. Hence, for at least one point of plu- 
ral points for sampling measurement data, the resist- 
ance of the ladder resistance is switched according to is 
the output at the preceding point thereof. In this way, 
even when the gas concentration is changed rapidly 
during adjustment or test of a gas detector, the value of 
the load resistance (the resistance of the ladder resist- 
ance) can be maintained properly. 20 
[0024] As for the non-volatile memory, an EE PROM 
that requires no back-up battery is desirable. As for 
standard signals, it is desirable to store signals at at 
least three concentrations. Usually the capacity of a 
RAM o( a microcomputer used for a gas detector is 25 
small, standard signals at two concentrations are nor- 
mally sent from the EEPROM into the RAM. If the gas 
concentration exceeds the concentration of the stand- 
ard signals, standard signals of a higher concentration 
will be sent from the EEPROM into the RAM. If the gas 00 
concentration drops, standard signals of the lower con- 
centration will be stored in the RAM again. The number 
of times of access to the EEPROM is limited. For exam- 
ple, about 100,000 times of access is considered to be 
the upper limit for assuring the reliability. If one cycle of 35 
temperature change is, for example, one minute, and 
the EEPROM is accessed every time, the reliability of 
the EEPROM will be lost in about 70 days. However, 
under normal conditions, it is rare that the gas concen- 
tration exceeds the two concentrations of the lower con- 40 
centration side, and the access to the EEPROM is lim- 
ited to this case and when the gas detector is reset. Nor- 
mally such occasions are not frequent, and with the lim- 
ited access of 100,000 times, the reliability of the EEP- 
ROM can be maintained. 45 
[0025] Detecting a gas by using plural points on a tem- 
perature waveform is equivalent to, for example, detect- 
ing a gas by determining the characteristic function of 
the temperature waveform through Fourier transforma- 
tion. Hence gas detection by directly using the logarithm 50 
of the sensor resistance can be replaced by gas detec- 
tion through Fourier transformation of the logarithm of 
the sensor resistance. In this case, as for the Fourier 
transformation, the sine component and the cosine 
component of the fundamental wave components of 55 
which frequency is equal to that of the temperature 
change of the sensor, or the harmonics thereof may be 
used. It is not necessary to use all the Fourier transfor- 
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mation components from the zero degree to the infinite 
degree. In an extreme case, one component may be 
used. The sine component and the cosine component 
are regarded as different components from each other. 
Preferably, two to six components are used. 
[0026] Next, to adjust such a gas detector, it is nec- 
essary to store standard signals in the non-volatile 
memory. Hence the non-volatile memory is enabled dur- 
ing adjustment. The gas sensor is subjected to temper- 
ature change, and in the specified concentration of the 
gas, signals at specified timing points or a linear sum ol 
these signals are written in the non-volatile memory. 
Preferably, this processing is repeated by changing the 
gas concentration to store the standard signals at the 
required number of gas concentrations in the non-vola- 
tile memory. This processing can be made by setting the 
gas detector in an adjusting chamber, or by setting the 
sensor only in the adjusting chamber, processing the 
signals thereof in a personal computer, etc. and writing 
them into the non-volatile memory. When a personal 
computer, etc. is used, there is no limit of processing 
capability. Hence the sensor resistance may be directly 
AD-converted and subjected to logarithmic transforma- 
tion, and the result may be used as a standard signal. 
[0027] In the present invention, signals that are re- 
quired for compensating signals of gas sensor can be 
easily stored in a non-volatile memory. Standard signals 
are not obtained by adjusting a variable resistance. 
They are obtained by storing in a non-volatile memory. 
Hence there is no need of adjusting the variable resist- 
ance whenever an adjustment is made. If standard sig- 
nals are stored for plural gas concentrations, errors due 
to variance of the gas concentration dependence will be 
reduced. As the output to the ladder resistance is used 
to make logarithmic transformation, even a small-sized 
microcomputer can easily obtain measurement data 
that is linear to the logarithm of the sensor resistance. 
[0028] Some preferred embodiments of the invention 
will now be described by way of example only and with 
reference to the accompanying drawings, in which: 
[0029] Fig. 1 is a block diagram of a gas detector ol 
an embodiment. 

[0030] Fig. 2 is a diagram showing the configuration 
of a RAM of the gas detector of the embodiment. 
[0031] Fig. 3 is a diagram showing the configuration 
of an EEPROM of the gas detector of the embodiment. 
[0032] Fig. 4 is a characteristic diagram showing the 
waveform of the resistance of a gas sensor used in the 
embodiment. 

[0033] Fig. 5 is a characteristic diagram showing the 
resistance waveform in the early part of the higher tem- 
perature range of the gas sensor used in the embodi- 
ment. 

[0034] Fig. 6 is a flow chart showing the sampling al- 
gorithm of the gas detector of the embodiment. 
[0035] Fig. 7 is a flow chart showing the adjustment 
algorithm of the gas detector of the embodiment. 
[0036] Fig. 8 is a characteristic diagram showing the 
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variation of characteristics due lo drift of the gas sensor 
used in the embodiment. 

[0037] Fig. 9 is a characteristic diagram showing de- 
tection of hydrogen with the gas sensor used in the em- 
bodiment. ^ 
[0038] Fig. 10 is a characteristic diagram showing a 
mechanism for computing CO concentration in the em- 
bodiment. 

[0039] Fig. 11 is a characteristic diagram showing a 
mechanism for detecting coexisting hydrogen in the em- 
bodiment. 

[0040] Fig. 12 is a flow chart showing the main loop 
of the gas detector of the embodiment. 
[0041] Fig. 13 is a flow chart showing compensation 
of coexisting hydrogen in the gas detector of the embod- 
iment. 

[0042] Fig. 14 is a block diagram of a gas detector of 
a modification. 

[0043] An embodiment and a modification thereof are 
shown in Fig. 1 through Fig. 1 4. The configuration of the 
embodiment is shown in Fig. 1 . S denotes a metal oxide 
semiconductor gas sensor. Here TGS203 is used. It is 
an 3n0 2 type metal oxide semiconductor 2 with a pair 
ol heaters hi, h2 arranged at both ends thereof. The 
kind and configuration of the sensor S are arbitrary. 4 
denotes a direct-current power source such as 5 V DC. 
Its output V DD is used to drive the gas detector. To drive 
the pair of heaters hi. h2 of the gas sensor S jointly, 
transistors Tl , T2 are used: these transistors are turned 
on/off concurrently. When both the transistors T1 , T2 are 
turned on : currents will flow through the heaters hi , h2. 
The temperature of the metal oxide semiconductor 2 is 
changed periodically by changing the duty ratio of one 
of the transistors T1 : T2. Here, according to the operat- 
ing conditions of TGS203, a higher temperature range 
is set for 60 seconds and a lower temperature range is 
set for 90 seconds. The waveform of the heater electric 
power is a rectangular waveform that changes between 
of the higher temperature range and the lower temper- 
ature range. The final temperature of the higher temper- 
ature range is 300 °C, and the final temperature of the 
lower temperature range is 80 °C. In the embodiment, 
the time is expressed as follows: The Oth second is set 
at a point immediately before the completion of the lower 
temperature period. The period of from the Oth second 
to the 60th second is the higher temperature period, and 
the period of from the 60th second to the 150th second 
(the 150th second is also the Oth second) is the lower 
temperature period. 

[0044] A ladder resistance 5 is connected to the metal 
oxide semiconductor 2, and R1 through Rn denote indi- 
vidual resistors thereof. Here, every resistor of R1 
through Rn has a resistance that is four times as large 
as that of the immediately preceding resistor. For. in- 
stance, are used six resistors; 0.5 kQ : 2k£X 8kQ : 32kQ, 
126kil and 512kQ. It is easy to obtain fixed resistors 
having an accuracy of about ± 2 %. Thus AD conversion 
error due to switchover of resistors is about ± 2 %. When 



10 

the transistors T1, T2 are turned off, the power output 
V DD (hereinafter called the detecting voltage Vc) will 
flow : via the metal oxide semiconductor 2, to the ladder 
resistance 5. The output voltage to the ladder resistance 
5 is AD-converted. 

[0045] 8 denotes a microcomputer. Here, a 4-bit one- 
chip microcomputer is assumed. 10 is the bus thereof. 
12 is, for example, an 8-bit AD converter. 14 is a ladder 
resistance control. Only one resistor of the resistors R1 
through Rn is earthed, and this earthed resistor is used 
as the load resistance. As described above, the output 
voltage to the ladder resistance is AD-converted by the 
AD converter 12. It is a matter of course that the output 
voltage to the ladder resistance 5 may be divided before 
AD conversion. Moreover, the voltage on the sensor S 
side, rather than the voltage on the resistor ladder 5 
side, may be AD-converted. 16 denotes a heater control 
that controls turning on/off of the transistors T1 : T2 to 
generate the higher temperature range of 60 seconds 
and the lower temperature range of 90 seconds. 18 de- 
notes an EEPROM control, and 20 denotes an EEP- 
ROM. 

[0046] The configuration of the EEPROM 20 is shown 
in Fig. 3. Here it is assumed that, for example, the de- 
tection target is CO and the detection range is from CO 
50 ppm through 600 ppm: the maximum is about ten 
times as large as the minimum. Reference signal sets 
are of three points: CO 65 ppm, 200 ppm and 400 ppm. 
Each set of standard signals comprises the logarithm ol 
the sensor resistance at Oth second LnR0 ; the logarithm 
of the sensor resistance at the 6th second LnR6 : and 
the logarithm of the sensor resistance at 69th second 
(the early part of the lower temperature period) LnR69. 
Ln denotes natural logarithm, and the subscript, such 
as 0 of R0 : indicates the timing point measured from the 
0 second. Similarly, three standard signals, logarithms 
of the sensor resistance values at the Oth second, the 
6th second and the 69th second are stored for CO 200 
ppm and CO 400 ppm, respectively. 41 through 43 de- 
note cards. A set of standard signals for one concentra- 
tion level are considered as a card. In addition to them, 
there is a card 44 on which are kept records of use of 
the CO detector. In other words, the total time of use 
and the past CO alarm records are stored on the card 
44. The total time of use is the cumulative time when the 
power source of the CO detector was on. For example, 
the unit of time may be a day, and the cumulative time 
of use is stored in the card 44. As for records of alarm, 
whenever a buzzer, that will be described later, is made 
to buzz, the date will be recorded. As for this date, the 
same standard as the total time of use is used to record 
the date. With this arrangement, the date when the 
buzzer is activated can be identified. 
[0047] 22 denotes an input/output unit to which an ad- 
justing switch 23 and a reset switch 34 are connected. 
When the adjusting switch 23 is turned on, the EEPROM 
control 18 will be able to write in EEPROM 20. This 
switch is used only when the CO detector is adjusted. 
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The reset switch 24 is one for stopping the buzzer 38. 
[0048] The microcomputer 8 has a 4-bit arithmetic 
and logic unit 26. It also has a sequence control 28 for 
operating the CO detector at a cycle of 150 seconds. 
The sequence control 28 has a built-in timer. 30 denotes 
a RAM that is used as a volatile memory, and its config- 
uration is shown in Fig. 2. In the RAM 30 : are stored 
standard signals of two sets of three pieces of measure- 
ment data : LnRO, LnRS and LnR69 for two concentra- 
tions. Normally are used standard signals for lower con- 
centrations, 65 ppm and 200 ppm. When the gas con- 
centration exceeds 200 ppm. the standard signals for 
65 ppm will be replaced with those for 400 ppm. When 
the gas concentration drops to 200 ppm or under., the 
standard signals for 400 ppm will be replaced with those 
for 65 ppm. The gas detection range is from 50 to 600 
ppm : and the range of from 50 to 65 ppm is close to the 
standard signal of 65 ppm. The range of from 400 to 600 
ppm is 1 .5 times as large as 400 ppm of the standard 
signals, and the gas concentration can be determined 
accurately by using the standard signals for 400 ppm. 
For the remaining range., when CO is generated, the gas 
concentration can be determined by using the standard 
signals for concentrations that are on both sides of the 
actual CO concentration to make interpolation between 
the two standard signals. 

[0049] In the RAM 30 ; in addition to the above-men- 
tioned data and signals, are stored a CO concentration 
determined, COHb (carbon monoxide hemoglobin con- 
centration in blood) reduced from the CO concentration, 
and other auxiliary signals (for example, time data for 
constituting a timer of which unit is a day). 
[0050] With reference to Fig. 1 again, 32 denotes an 
alarm control that actuates, via a drive circuit 36, LED 
39 and LED 40. When the CO hemoglobin concentration 
in blood exceeds, for example, 5 %, the alarm control 
32 will actuate the buzzer 38. When the buzzer 38 is 
turned on, the EEPROM control 1 8 will write the date of 
the alarm in the card 44. 34 denotes a program memory 
in which data such as various constants for temperature 
compensation are stored. These data are fixed data 
common to the sensor S and other sensors. All the data 
for individual sensors are stored in the EEPROM 20. 
[0051] Mean temperature waveforms of ten sensors 
are shown in Fig. 4. Sampling points, that are used in 
the embodiment, are marked by O on the waveform of 
CO 100 ppm; sampling is made at the 150th second, 
the 6th second and the 69th second. The sensor resist- 
ance changes by about ten times in the range of from 
CO 30 ppm to 300 ppm. The resistance at the 0th sec- 
ond and that at the 69th second differ from each other 
by a factor of about 10. When the dispersion in the sen- 
sor resistance, fluctuations in ambient temperature, etc. 
are added to them, the range of AD conversion is, in 
resistance, from about 0.5 to 500 k il To achieve AD 
conversion in this range, the resistances R1 through Rn 
are changed in six steps, ranging from 0.5 kil to 51 2 kL'l 
any resistance being four times greater than the imme- 



diately preceding one. Immediately before each sam- 
pling time, the output VR1 to the ladder resistance is 
monitored, and the load resistance is changed accord- 
ing to the output VR1. AD conversion of VR1 can be 
s done within 1 second, On the basis of the value at the 
time, use of which resistance at each sampling point can 
be determined. 

[0052] Fig. 5 shows enlarged temperature waveforms 
of other ten sensors in the early part of the higher tem- 

10 perature range. The atmospheres are of three kinds: 
0°C and relative humidity of 96 %, 20°C and 65 %, and 
50 °C and 40 %. The range of ± 2 5 (5 is the standard 
deviation) and the mean value are shown for each wave- 
form. The gas concentration is CO 100 ppm. The resist- 

is ance at each timing point varies by a factor of a little 
under 10 due to changes in ambient temperature and 
humidity. The resistance at the 0th second and the re- 
sistance at the 6th second are substantially identical to 
each other. Hence, for example, the same load resist- 

20 ance as that at the 0th second may be used for the 6th 
second. However, preferably, the resistance at the 0th 
second is determined from, for example, the signal at 
the 1 48th second (or at the 1 49th second to make more 
reliable sampling before the transition to the higher tem- 

25 perature range), and the load resistance at the 6th sec- 
ond is determined from the resistance at the 5th second. 
Similarly, the load resistance at the 69th second is de- 
termined from the resistance at the 68th second. 
[0053] Fig. 6 shows the algorithm of the sampling. 

oo When the time reaches the 148th second, the output 
voltage will be AD-converted : and this value will be 
checked whether it is within a range of from 1/3 to 2/3 
of the detecting voltage Vc (identical to V DD). When 
the value is within this range, the ratio of the sensor re- 

35 sistance to the load resistance is within a range of from 
2 : 1 to 1 : 2. If the output voltage is adequate, the same 
load resistance will be used. If the output voltage is not 
adequate, the load resistance will be changed to bring 
the output voltage within the above-mentioned range. 

40 Next, when the time reaches the 0th second, the output 
voltage will be AD-converted. and the AD-converted 
output voltage V R1 will be used to determine the loga- 
rithm of the sensor resistance at the 0th second by equa- 
tion (1 ). Similarly, at the 5th second, the value of the load 

45 resistance is checked whether it is correct or not. Then 
the logarithm of the sensor resistance at the 6th second 
will be determined. Further, at the 68th second, the val- 
ue of the load resistance is checked whether it is correct 
or not, and at the 69th second, the logarithm of the sen- 

50 sor resistance is determined. 

LnR = 2 - 4V RVVc -»- LnR1 (1) 

55 [0054] If the logarithm of the sensor resistance is ap- 
proximated up to the term of the first degree, as shown 
in equation (1), when R/R1 is 1 : the error is 0, when R/ 
R1 is 1/2 or 2, the error is 2 %, and when R/R1 is 1/3 or 
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3 : the error is 11 %. In the embodiment, as it is aimed 
to detect the CO concentration with an error of ± 20 % 
or under the error of ± 10 % is too large. Hence the 
ladder resistance 5 is controlled so that the ratio of the 
sensor resistance to the load resistance is within a range 
of from 2 to 1/2 at three points of the 0th second : the 6th 
second and the 69th second. 

[0055] The transformation of VR1 to the logarithm of 
the sensor resistance by equation (1) is a linear trans- 
formation and is a very simple transformation. However 
this requires six load resistors. To reduce the number of 
load resistors required, for example, to four, it is neces- 
sary to keep R/R1 within a range of from 4 to 1/4, or 
more preferably within a range of from V8 to 1/ VS. For 
thiS: it is necessary to make transformation up to the 
term of third degree. When the logarithm of the sensor 
resistance is expanded into series with VR1, there will 
be no term of the second degree. We will have equations 
(2) : (3) in which terms up to the third degree are consid- 
ered. If equations (2) : (3) are used : when R/R1 is 1 , the 
transformation error is 0 %, when R/R1 is 1/4 or 4 : the 
transformation error is 4 %, and when R/R1 is 1/3 or 3 : 
the transformation error is 2 %. Hence in resistors R1 
through Rn, the resistance of the subsequent resistor is 
increased by 16 times, or preferably by 8 times or 9 
times. For example, the resistance R1 - Rn comprise 4 
kinds.. IkiX 8kn, 64kft and 512kQ. With this arrange- 
ment, a range of from 0.5 to 1 MQ can be transformed 
into logarithm with an error of 2 % or under. 



LnR = 2x + 2/3 X x + LnR1 



x = 1 -2VR1A/C 



(2) 



(3) 



[0056] The procedure for adjusting the gas detector 
of Fig. 1 is shown in Fig. 7. At the time, the adjusting 
switch 23 is turned on so that standard signals can be 
written into the EEPROM 20. The procedure will be de- 
scribed by assuming that the CO detector is set in an 
adjusting chamber. After the CO detector is set, the pow- 
er source is turned on to operate the detector. Next, CO 
is injected, for example, up to 65 ppm. Then the micro- 
computer 6 generates LnRO, LnR6 and LnR69 to write 
them into the RAM 30. They are written in the card 41 
of the EEPROM 20. Next, the CO concentration is in- 
creased to 200 ppm, and similar steps are repeated. 
Then the CO concentration is increased to 400 ppm. In 
this way, by increasing the CO concentration with the 
specified steps, standard signals can be written into the 
EEPROM 20. Thus there is no need of adjusting a var- 
iable resistor to store a standard signal. The adjusting 
work can be done with ease. 

[0057] It is assumed here that the CO detector is set 
in an adjusting chamber. However, only a sensor S may 
be set in an adjusting chamber. Then, the resistance of 



the sensor S is AD-converted by an AD converter of, for 
example, 12 bit, and it is stored in a personal computer 
or the like, and in turn, it is written into the EEPROM 20. 
In this case, the sensor S is not assembled into the CO 

s detector, and the sensor S and the EE PROM are treated 
as a set. They are connected with a CO detector that is 
assembled separately. The portion of the CO detector 
other than the sensor S and the EEPROM 20 can be 
handled in the same manner as conventional electronic 

10 circuits, and even a manufacturer with no experience on 
gas sensors can assemble a CO detector. 
[0058] The drift compensation of the gas sensors is 
shown in Fig. 8. The data was taken from 45 samples 
of TGS203. These samples included defective samples 

1$ (7 samples), non-defective samples (20 samples), sam- 
ples that were left to stand for two years (8 samples), 
and samples that were set on CO detectors and recov- 
ered eventually (10 samples). The axis of abscissa of 
the diagram shows the sensor resistance at the 0th sec- 

20 ond on a logarithmic scale, and the axis of ordinate 
shows the sensor resistance at the 6th second on the 
logarithmic scale. 1 on the axis of abscissa indicates the 
standard signal at the 0th second in CO 100 ppm (on 
the third day after the start of energization), and 1 on 

25 the axis of ordinate indicates the standard signal at the 
6th second in CO 100 ppm (on the third day after the 
start of energization). Data in Fig. 8 is normalized by 
standard signals that were generated in CO 1 00 ppm on 
the third day of energization. The respective points on 

oo the diagram show the measuring points in the course of 
five weeks of energization. When 45 samples of 
TGS203 were used for five weeks, some samples in- 
creased in resistance and some others decreased in re- 
sistance accidentally. These points, however concen- 
ts trate on a narrow straight line having a gradient of 1 on 
a two-dimensional plane of the 6th second resistance 
and the 0th second resistance. This axis is called a drift 
axis. Drift axes are not distinct for the data taken in CO 
30 ppm and 300 ppm. This is due to variance of the con- 

40 centration dependence of TGS203. As their concentra- 
tion dependence is not homogeneous, the initial points 
in CO 30 ppm and 300 ppm do not coincide at one point. 
Because of variance of the initial points, their drift axes 
are indistinct. A straight line connecting three points of 

45 CO 30 ppm, 100 ppm and 300 ppm is called the CO 
concentration axis. Data points corresponding to the in- 
itial characteristics of the samples of TGS203 are on this 
concentration axis. With the use, the concentration axis 
translates parallel in the direction of the drift axis. 

50 [0059] In addition to the above-mentioned data, the 
behavior of a mixed gas of CO 100 ppm and hydrogen 
300 ppm is indicated in Fig. 8. The behavior in hydrogen 
1000 ppm is also indicated. As for these behaviors, the 
points for the energization period of five weeks are indi- 

55 cated by sensor As can be clearly seen in Fig. 8, the 
sensitivity to hydrogen is slightly negative. For example, 
let us translate the respective points of CO 100 ppm + 
hydrogen 300 ppm parallel to the drift axis. Then we get 
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intersection points of these points with the CO concen- 
tration axis. The resulting concentration range is from 
CO SO ppm to 60 ppm. On the other hand, the distribu- 
tion of points in CO 100 ppm for five weeks is narrow. 
When these points are translated parallel to the drift ax- 
is, the resulting intersection points with the CO concen- 
tration axis give a distribution range of from CO 30 ppm 
to 120 ppm. The sensitivity to hydrogen becomes neg- 
ative because the hydrogen sensitivity of the 6th second 
signal is higher than that of the 0th second signal. To 
correct this, a combination of the 0th second signal and 
the 69th second signal is used. Energization data for five 
weeks of this case are shown in Fig. 9. As can be clearly 
seen in Fig. 9.. when hydrogen is present, the resistance 
at the 69th second decreases significantly. Thus data 
points are extremely away from the CO concentration 
axis. Hence the distance of descent from the CO con- 
centration axis towards the bottom of Fig. 9 is used as 
a hydrogen concentration signal. 
[0060] The hydrogen concentration signal is not an 
accurate one. However the hydrogen sensitivity is 
small : and the signal is for its compensation. Thus we 
can use a hydrogen detection signal that lacks quanti- 
tativeness. In correcting the hydrogen sensitivity, two 
approaches may be taken. One is to restore the hydro- 
gen sensitivity to zero, that is slightly negative in Fig. 8: 
in other words, to design a CO detector that is extremely 
selective and sensitive to CO only. Another approach is 
to make compensation so that the CO detector's ratio 
of CO sensitivity to hydrogen sensitivity is 10 : 1, just 
like the intrinsic characteristic of TGS203. Choice be- 
tween these two approaches is an issue of design ap- 
proach of the CO detector. 

[0061] The principle of drift compensation is shewn in 
Fig. 10. The solid line in the diagram is the CO concen- 
tration axis, and the dashed line is the drift axis. The 
standard signals at three points in 65 ppm, 200 ppm and 
400 ppm are stored in the EE PROM 20. A point (a, b) 
in a topological space of two dimensions LnRO and 
LnR6 is determined by measurement. The coordinates 
of the respective standard signals in this topological 
space are defined as shown in Fig. 10. The point (a, b) 
is translated parallel to the drift shaft, and its intersection 
point with the CO concentration axis is defined to have 
coordinates (e, f). 

[0062] Calculation of CO concentration using Fig. 10 
is shown by the main loop of Fig. 12. Three variables, 
a, b and c are defined by measurement data. Next, in 
Fig. 10. a check is made whether (n - p) is equal to or 
greater than (a - b) . If this condition is not met, when 
the drift axis is extended from the point of 200 ppm, the 
measurement point is below the drift axis, and the de- 
tected concentration is 200 ppm or under. The gradient 
of the drift axis is 1 . and (e-a) equals (f-b) . Then we get 
f = e+(b-a). Next, the point (e, f) divides internally the 
segment that is defined by two standard signals of 65 
ppm and 200 ppm. Hence e and f and the coordinates 
n, p, q, r of the standard signals of 65 ppm and 200 ppm 



are constrained by a single relation. Thus the coordinate 
e can be determined by using this relation. It should be 
noted that what are actually handles here are variable 
such as (n-e), (p-f) and fe-f). They correspond todiffer- 
5 ences in logarithms, and actually, they directly corre- 
spond to differences in VR1. Hence it is obvious that it 
is sufficient to determine VR1 without making the above- 
mentioned logarithmic transform nor seeking the loga- 
rithms of sensor resistances. 
w [0063] When the value e is determined, the next step 
is to determine the internal ratio y of the segment be- 
tween 65 ppm and 200 ppm. When y is 0, the CO con- 
centration is 200 ppm. When y is 1, the CO concentra- 
tion is 65 ppm. The concentration varies along the seg- 
15 ment in a range about three times as large as the mini- 
mum. If this is solved directly, the series expansion of 
exp(y) will require terms of the second degree or over. 
Hence we assume a midpoint between 65 ppm and 200 
ppm. For any point towards 200 ppm of the midpoint, 
series expansion is based on the concentration of 200 
ppm. For any point towards 55 ppm of the midpoint, se- 
ries expansion is based on the concentration of 65-ppm. 
With this arrangement, approximation by exp(y)=1+y 
hardly generates approximation errors. In this way, the 
CO concentration before hydrogen concentration com- 
pensation is determined. 

[0064] Now. when the obtained topological point is 
above the drift axis that passes CO 200 ppm, the CO 
concentration exceeds 200 ppm. In this case, the EEP- 
ROM is accessed, and the standard signal of CO 400 
ppm is read out. Then the CO concentration is deter- 
mined in a similar manner. The processing in this case 
is similar to the processing using two standard signals 
of CO 65 ppm and 200 ppm. The standard signal of CO 
400 ppm is used in place of the standard signal of CO 
65 ppm. 

[0065] When the CO concentration is determined, the 
next step is hydrogen compensation. The procedure is 
shown in Fig. 13, and the principle is shown in Fig. 11. 
Coordinates of a measuring point are assumed to be (a. 
c) in a two-dimensional topological space that is deter- 
mined by the logarithm of the resistance at the 0th sec- 
ond and the logarithm of the resistance at the 69th sec- 
ond. The point is vertically translated in Fig. 11 to inter- 
sect the CO concentration axis of 65 ppm, 200 ppm and 
400 ppm. The coordinates of the intersection point are 
expressed by (a, g). The difference between g and c is 
h. It is assumed that the hydrogen concentration is de- 
termined by h. In this case, it is judged whether the sig- 
nal of 400 ppm is needed as a standard signal by check- 
ing whether the value of a exceeds n or not. When a is 
n or under, the EEPROM 20 is accessed to read out the 
standard signal of 400 ppm. As the point (a, g) is on a 
segment that connects the standard signal of 200 ppm 
and the standard signal of 400 ppm, one expression 
concerning the coordinate g is generated, g can be de- 
termined from this expression. When g is determined, 
then h can be determined. Then k1 x h is added to the 
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CO concentration determined by the main loop of Fig. 
1 2. k1 is an appropriate positive constant. The standard 
of this addition is to null the hydrogen concentration de- 
pendency of the CO detector or to set the ratio of CO 
sensitivity and hydrogen sensitivity at an appropriate 
value such as 10 : 1. When a is greater than n or the 
point (a, c) that is determined in Fig. 11 is on the right of 
the standard signal of 200 ppm : the standard signals of 
65 ppm and 200 ppm are used. Then h is determined in 
a manner similar to that mentioned above to make hy- 
drogen concentration compensation. 
[0066] After hydrogen concentration compensation, 
the operation goes back to the main loop of Fig. 13 to 
determine the CO hemoglobin concentration in blood 
COHb from the CO concentration. The initial value of 
COHb is set at zero at the time of resetting. This trans- 
formation itself is well known, k2 : k3, k4 are constants : 
and here k4 is a value corresponding to about CO 30 
ppm that is below the minimum limit of detection: thus 
detection is not made when the CO concentration is be- 
low 30 ppm. 

[0067] A modification using Fourier transformation is 
used in Fig. 14. This modification is identical to the em- 
bodiment except a new microcomputer 48 is used and 
a Fourier transform sample 50 is provided. However as 
Fourier transformation is used, the microcomputer 48 
is : for example, of a 8-bit type. To detect CO : in the case 
of Fourier transformation, temperature change of a 
square waveform is not desirable. Hence the waveform 
of the sensor temperature is set as, for example, a sine 
waveform of a total period of 1 20 seconds: a higher tem- 
perature period of 60 seconds and a lower temperature 
period of 60 seconds. Then four components are used: 
Fourier transform component, or Fourier series syn- 
chronized to the temperature change in a period of 120 
seconds {basic sine wave), a component that has a pe- 
riod of 120 seconds and is advanced by 90 degrees in 
phase (basic cosine wave): and harmonic components: 
a sine component and a cosine component, each having 
a period of 60 seconds. With these four components, 
detection similar to that of the embodiment of Fig. 1 
through Fig. 1 3 can be done after making Fourier trans- 
formation. In other aspects, the modification of Fig. 14 
is similar to the embodiment of Fig. 1 through Fig. 13. 
In other words, in the EE PROM 20, are stored a total of 
four components: sine and cosine components of 120 
sec period and 60 sec period at three concentrations, 
65, 200 and 400 ppm. Standard signals are a total of 
12=4 x 3. In Fourier transformation, the sensor resist- 
ance is constantly AD-converted, or a waveform com- 
ponent that has a high correlation with CO from the last 
part of the lower temperature period to the early part of 
the higher temperature period and a waveform compo- 
nent that has a high correlation with hydrogen in the ear- 
ly part of the lower temperature period are AD-convert- 
ed. The ladder resistance control 14 monitors, for ex- 
ample, the value of the output voltage V R1 every one 
second, and control the ladder resistance 5 so that V R1 



is within the proper range after the next one second. As 
for Fourier transformation, logarithms of sensor resist- 
ance values at 60 points of the 1 20 sec period are used, 
and the logarithms of sensor resistance values are sub- 
5 jected to Fourier transformation and compared with the 
four standard signals. 

Claims 

10 

1. A gas detector for detecting a gas by subjecting a 
metal oxide semiconductor gas sensor to a temper- 
ature change, the resistance of said gas sensor 
changing with the gas. said gas detector compris- 
es jng: 

a non-volatile memory means for storing a 
standard signal being substantially linear to 
logarithms of resistance values of said metal 
20 oxide semiconductor in combination with plural 

points on a waveform of the resistance of the 
gas sensor according to the temperature 
change: 

a ladder resistance being connected as a load 
25 resistance in series with said gas sensor, the 

ratio of its resistance to that of the metal oxide 
semiconductor being arranged to be within a 
specified range at said plural points: 
a power source for applying a detecting voltage 
oo to said ladder resistance and said metal oxide 

semiconductor: 

a sampling means for sampling measurement 
data being substantially linear to the logarithm 
of the resistance value of said metal oxide sem- 
3S iconductor by sampling an output substantially 

linear to an output voltage to said ladder resist- 
ance at each of said plural points; and 
a gas detecting means for detecting the gas by 
comparing combinations of measurement data 
40 at said plural points with said standard signal. 

2. A gas detector as claimed in claim 1 characterized 
in that in said sampling means, said output is trans- 
formed into said measurement data by 

45 

LnR = 2-4 VR1A/C + LnR1 

where R indicates the resistance of the metal oxide 
so semiconductor, V R1 the output voltage to the lad- 
der resistance, Vc the detecting voltage, R1 the re- 
sistance of the ladder resistance, and Ln natural 
logarithm, respectively. 

55 3. a gas detector as claimed in claim 1 characterized 
in that in said sampling means, said output is trans- 
formed into said measurement data by 
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LnR = 2x + 2x°/3 + LnR1 



and 



x = 1-2 VR1/Vc 

where R indicates the resistance of the metal oxide 
semiconductor, V R1 the output voltage to the lad- 
der resistance. Vc the detecting voltage. R1 the re- 
sistance of the ladder resistance, and Ln natural 
logarithm, respectively. 

4. A gas detector as claimed in claim 3 characterized 
in that said ladder resistance is configured so that 
the ratio of the resistance of said metal oxide sem- 
iconductor to said ladder resistance is kept within 
the range 4 to 1/4 at said plural points. 

5. A gas detector as claimed in claim 2 characterized 
in that said ladder resistance is configured so that 
the ratio of the resistance of said metal oxide sem- 
iconductor to said ladder resistance is kept within 
the range 2 to 1/2 at said plural points. 

6. A gas detector as claimed in any preceding claim 
characterized in that for at least one point of said 
plural points : the resistance value of the ladder re- 
sistance is switched according to said output at the 
preceding point thereof. 

7. A gas detector as claimed in any preceding claim 
characterized in that 

said non-volatile memory is an EEPROM : and 
standard signals for at least three gas concen- 
trations are stored in the EEPROM. 
that a volatile memory is provided, and out of 
the standard signals stored in said EEPROM, 
standard signals of two lower concentrations 
are read out of the EEPROM into said volatile 
memory, and 

that in said gas detecting means, measurement 
data are compared with the standard signals 
stored in the volatile memory, and standard sig- 
nals to be stored in the volatile memory are 
changed. 



of said metal oxide semiconductor in plural gas 
concentrations: 

a ladder resistance being connected as a load 
resistance in series with said gas sensor, the 

s ratio of its resistance to the resistance of said 

metal oxide semiconductor being arranged to 
be within a specified range; 
a power source for applying a detecting voltage 
to a series-connected piece of said ladder re- 

10 sistance and said metal oxide semiconductor: 

a sampling means for sampling the outputs be- 
ing substantially linear to the output voltage to 
said ladder resistance at multiple points and for 
transforming the outputs to measurement data 

is being substantially linear to the logarithm of the 

resistance value of said metal oxide semicon- 
ductor: and 

a gas detecting means for transforming said 
measurement data into Fourier transform com- 
20 ponents and comparing with the standard sig- 

nal to detect the gas. 

9. An adjusting method of a gas detector for detecting 
a gas by subjecting a metal oxide semiconductor to 
25 temperature change, the resistance of . said gas 
sensor changing with the gas, said adjusting meth- 
od of the gas detector characterized by 

a: providing a non-volatile memory means for 
30 storing a standard signal being substantially lin- 

ear to logarithms of resistance values of said 
metal oxide semiconductor at a combination of 
plural points on a waveform of the resistance 
values of the gas sensor according to said tem- 
35 perature change, 

b: exposing said gas sensor to the gas of a 
specified concentration and subjecting it to a 
temperature change, obtaining signals linear to 
the logarithms of the resistance values of the 
40 metal oxide semiconductor at said plural points, 

generating said standard signal, and storing in 
said non-volatile memory as the standard sig- 
nal. 

45 10. An adjusting method of a gas detector as claimed 
in claim 9 characterized in that said non-volatile 
memory is an EEPROM. 



8. A gas detector for detecting a gas by subjecting a 50 
metal oxide semiconductor gas sensor to tempera- 
ture change, the resistance of said gas sensor 
changing with the gas, said gas detector compris- 
ing: 

55 

a non-volatile memory means for storing a 
standard signal comprising Fourier transform 
components of logarithms of resistance values 
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